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In 1932, the. Iom-a Parlr Substation began irrigation esperi- 
ments to determine the optimum amount of water for the pro- 
duction of cotton and grain sorghum in the Wichita Irrigated 
District, where irrigation is practiced as a supplement to rainfall. 
In this region, with an average yearly rainfall of 30.14 inches, 
the average rainfall dzrring the grolwing season for cotton is 
13.60 inches and For grain sorghum 1B.SZ Inches. 
The irrigation work was done on Miller loam soil, which is 
productive and representative of the irrigated soils in the Wichita 
Valley. The amounts of irrigation water used ranged from 2 to  
- t acre inches, in addition to the rainfall during the growing sea- 
bn. The work was conducted five years, 1932-36. 
The largest yields of cotton were obtained where 28 to 32.40 
:re inches of water, including the rainfall, mere used during the 
growing season; the average was 16 inches of irrigation water. 
For the fire years the highest average yield was obtained on plats 
receiving a total of 30 inches of water. The total amount of 
water received by a plat is the water applied in pre-irrigation 
three weeks before planting and that applied by ifiigation up to 
harvest, plus whatever rainfall occurs during this period. The 
yield decreased as the amount of water was decreased or increased 
from 30 inches. This indicates that 30 acre inches is probably 
optimum m o u n t  of water for cotton in the llTichita Valley. 
account of the variable seas011 different amounts of irrigation 
er are needed in different seasons and the esperienced grower 
,.,,zrmines from the color of the plants when to apply the water. 
Tt has been observed that the cotton plant needs irrigation when 
the color changes from the normal green to  a bluish green. 
Grain sorghum apparently can use considerably more water 
than cotton, probably because it produces a larger vegetative 
growth. The largest average yields were obtained from the use 
of about 39 inches although satisfactory yields were obtained 
where the amount of water ranged from 34 to 39 acre inches. 
The amount of water required by cotton and grain sorghum is 
fluenced considerably by temperature, humidity, and evaporation. 
rually more water is required by these plants in hot, dry years 
an in years with more favorable rainfall and temperature. 
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Iowa Park,  Texas 
The proper use of irrigation water is perhaps the  most fundamental 
problem in crop production in regions where :raps a re  grown under 
irrigation. Studies on irrigation in  various parts of the  world have shown 
that  irrigation practice is influenced by many factors, among which a r e  
kind of crop grown, nature of soil, amount  and  distribution of rainfall, 
temperature, and evaporation. I t  is known tha t  these factors or  condi- 
tions vary widely in different regions, and for  this  reason i t  is necessary 
to know something of these conditions in a given region in order to  
develop a suitable and rational irrigation practice. 
The Wichita Valley Irrigation District was established in  19 23. Since 
there a re  no other irrigation areas nearby, and since no information on 
irrigation was available relative to  the  conditions found in this district, 
an immediate demand arose for information on the  proper use of water 
for various crops under irrigation. Texas Substation No. 1 6  was estab- 
lished a t  Iowa Park,  near t he  center of t he  District, in  the  fal l  of 1924 
for the purpose of studying crop production under  irrigation. Field 
experiments to  determine the  optimum amount  of water for  t he  normal 
production of cotton and grain sorghum were s tar ted in  1932. The 
results of these experiments a re  reported in  this bulletin. 
DESCRIPTION OF' THE IVICHITA IRRIGATED VALLEY 
The Wichita Irrigated Valley embraces a n  a rea  of approximately 
80,000 acres of irrigable land, of which 35,000 acres a r e  actually under  
irrigation. The irrigated area lies between the  Diversion Reservoir and  
the Clay County line, and is almost entirely within Wichita County, a s  
shown in Figure 1. 
Abundant storage of water for  irrigating the  Valley is  held in  Lake 
Kemp, situated about 50 miles west of Wichita Falls, which has  a storage 
capacity of 560,000 acre feet. Lake Kemp i s  connected with a large 
Diversion Reservoir, located about 35 miles west of Wichita Falls, with 
a storage capacity of 40,000 acre feet. All of the  water for  irrigation 
is taken from these two lakes and is  carried by gravity through large 
canals to all parts of the  irrigated land of the  Valley. 
Soils 
The predominating soils of this area a r e  derived from the  Permian 
Xed Beds, residual in  formation, and a r e  classified according to  soil 
;eries as  Miller, Yohola, Ford, Calumet, Wichita, and Vernon. Carter (5 ) .  
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These soil series are further classified as very fine sandy loam, silty clay 
loam, loam, clay loam, and clay. These soils a re  reasonably well drained, 
fairly retentive of moisture, fertile, and productive under irrigation. The 
field experiments conducted a t  Substation No. 1 6  were on soil classified 
a s  Miller loam, which is moderately well drained, but crusts badly on 
the surface following rainfall and irrigations. 
Weather and Climatic Conditions 
The climatic conditions of this area a r e  similar to those of large areas 
of the State, with dry weather usually prevailing during the summer 
months, and with uneven distribution of rainfall, which makes it neces- 
sary to supplement the  rainfall with irrigation to insure normal crop 
production. The average annual rainfall for this region is fairly ade- 
quate for  crops, but because of its uneven distribution crop production is 
Table 1. Preeipitatio~~, inches 
I I I I I Average 
Month 1 1932 1933 1 1934 1935 1916 I 1 
5-year, 11-year, 
1932-36 1926-36 
January. . . . . . . .  3.09 .55 .52 .41 
February. ...... 4.51 .93 1.06 1.33 
March.. . . . . . . . . .  3 0  4 1 4;; 1 2.97 
April.. ......... 1.95 1.41 
Mav ........... 2.11 7.82 2.93 9.70 
July..  .......... 3.09 .28 .48 1.93 
....... August.. 5.19 5.98 2.40 1.07 
September. ..... 2.49 .78 4.13 3.63 ictober.. November. ......... . 1:; 1 1.67 2 5.62  1 2.79 1.68 
December ...... . I  6.09 ( 2.65 1 .07 ( 1.18 
Total.. ... / 33.09 1 26.05 1 24.70 1 32.50 1 23.35 1 27.95 1 30.14 
Table 2. Mean mean temperatures, degrees F. 
11-year extremes, 1926-36, inclusive: 
Maximum 112-August 1936. 
Minimum -5-January 1930. 
Month 
January. ....... 
February. ...... 
March .......... 
April.. ......... 
May. .  . . . . . . . . .  
June. .......... 
July. .......... 
August. ........ 
September. ..... 
October ........ 
November. ..... 
December.. ..... 
.. Mean. .  
I Average 
1932 
44.5 
54.5 
51.4 
66.1 
71.6 
80.6 
84.1 
83.5 
74.9 
64.1 
49.9 
39.7 
63.7 
1936 
39.5. 
40.9 
60.0 
64.5 
74.1 
83.2 
86.3 
88.0 
78.1 
61.8 
51.0 
47.9 
64.6 
1935 
~~~~~~- 
47.7 
48.8 
62.1 
64.1 
69.3 
79.1 
83.9 
85.4 
72.1 
67.4 
49.6 
43.0 
------- 
64.4 
1933 1 1934 
5-year, 
1932-36 
45.5 
47.1 
57.0 
65.1 
72.3 
81.8 
85.6 
85.5 . 
76.7 
66.3 
52.7 
45 .O 
65.0 
50.3 
44.0 
58.0 
65.1 
73.5 
80.6 
85.2 
82.5 
82.3 
68.8 
55.5 
48.8 
66.2 
11-year, 
1926-36 
42.8 
47.9 
55.5 
64.8 
71.9 
81.2 
84.6 
84.7 
77.4 
66.9 
53.0 
44.4 
45.7 
47.5 
53.3 
65.8 
73.1 
85.6 
88.3 
88.0 
76.0 
69.3 
57.5 
45.8 
66.3 
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Month 
January. . . . . . . .  
February ....... 
March .......... 
April. .......... 
May ........... 
June ........... 
July. ........... 
August. ........ 
September. ..... 
October. . . . . . . .  
November. ..... 
December. ...... 
Total. ..... 
Table 3. Evaporation* 
1 Average 
*from a free-water surface. 
reduced materially where irrigation is not practiced. The mean annual 
rainfall for this area was 30.14 inches for the 11 years 1926-36, inclusive, 
as recorded a t  Substation No. 16 (Table 1). T'he average mean tempera- 
ture (Table 2 )  was 64.6 degrees F. for the same period, with an  extreme 
maximum of 112 degrees in August, 1936, and an  extreme minimum of 
- 5 degrees in January, 1930. The average annual evaporation (Table 3 )  
from a free-water surface for the 11-year period was 61.489 inches, which 
indicates that the loss of moisture from evaporation alone is more than 
twice the amount of rainfall. 
REVIEW OF LITERATURE 
History of Irrigation in Texas 
Nagle and Fortier (17) state that  irrigation in western Texas ante- 
dates any records so far found, and that  it is probable that  in no part of 
the United States is the practice older. Coronado on his journey north- 
ward in the early part of the sixteenth century found well-established 
systems of irrigation in the vicinity of El Paso. Ancient irrigation sys- 
tems of great extent were built centuries ago by the Puma Indians on 
the Pecos River in the vicinity of Pecos and Grand Falls. In  the vicinity 
of Toyah Springs evidence is found that  these waters were used for 
irrigation purposes long before, the first white man found his way there. 
At San Antonio, where the Franciscan fathers founded their missions, 
irrigation canals were constructed by the Indians as  early as 1716. Among 
these early constructed ditches may be mentioned those a t  the Missions 
~f Concepcion, Alamo, San Jose, San Juan, Espada, and San Pedro. 
Irrigation of Cotton 
Considerable literature is available on the subject of the duty of water, 
or water requirements of cotton under irrigation, in the states of Cali- 
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fornia, New Mexico, Arizona, and Nevada, with some reference to irriga- 
tion in Texas. 
Marr and Smith (15) define the term "duty of water" as  the relation- 
ship between the quantity of irrigation water and the area of land irri- 
gated, expressed in two ways: (1 )  the relation between the size of 
the  irrigation stream (measured in miners' inches, gallons per minute, 
or  cubic feet per second), and the area served, and (2 )  the quantity of 
water (measured in  acre feet)  per acre per year. The duty of water is 
said to be "low" when the  water is  used wastefully while in a relatively 
large measure; i t  is said to be "high" when the water is used efficiently 
or in relatively small quantities per acre. Formerly studies on duty of 
water were treated purely from the standpoint of engineering, as  of in- 
terest mainly to courts and those who were responsible for the division 
of public water supplies. 
I n  actual irrigation practice, Marr and Smith (15) report that  on 13 
different farms located on Maricopa sandy loam soil in the Salt River 
Valley of Arizona, the yield of cotton increased in a general way as the 
amount of irrigation water was increased. The average yield of cotton 
increased from 175 pounds per acre where 1.22 acre feet of water was 
applied to 650 pounds per acre where 3.5 acre feet were applied. 
Marr and Hemphill (14) studied the  amount of water needed by the 
cotton crop in the southwestern United States. In the Salt River Vallw 
of Arizona, the quantity of water used for cotton varied from 2 to more 
than 4 acre feet. At the United States Field Station, Sacaton, Arizona, 
in 1923, Pima cotton yielded 1391 pounds of seed cotton per acre while 
Acala yielded 2269 pounds with an  application of 2 acre feet of water 
per acre. In the Imperial Valley of California, the quantity of water used 
ranged from 2.5 to 6 acre feet; the larger quantity of water was needed 
on very sandy soils and the smaller amount on fertile, sandy loam soils 
with a larger water-holding capacity. In  the upper Rio Grande and 
Pecos Valleys in New Mexico and Texas, from 8 to 20 acre inches of water 
is  required. In  the  Lower Rio Grande Valley of Texas, 3 to 21 acre 
inches of water is required, depending on the  amount and distribution 
of rainfall. I n  the latter region one to four irrigations are given to the 
cotton crop. 
Beckett and Dunshee (2 )  found that  the yield of cotton increased in 
general as  the amount of irrigation water was increased on sandy loam 
in  southern San Joaquin Valley of California. During the five years, 
1926-30, cotton tha t  received 22.6 acre inches of water in three irriga- 
tions produced an  average yield of 603 pounds of lint per acre, while 
cotton that  received 38.6 acre inches in seven irrigations produced 1034 
pounds of lint per acre. 
In New Mexico, Curry (8 )  conducted experiments from 1925-30 to 
determine the irrigation requirements of Acala cotton in the MesiIla 
Valley. He reported that  cotton has a wide adaptation with respect to 
amounts of irrigation water applied. He found that  18.9 to 21.5 acre 
inches of water applied in four to five irrigations produced almost a s  
large yields of cotton as  41 acre inches applied in ten irrigations. 
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Hawkins ( 1 2 )  in Arizona found tha t  2.5 to 3 acre feet of water pro- 
duced four bales of cotton per acre in 1 9 3 4 ,  while from 3 to 4 acre feet 
was required to produce three bales per acre in 1 9 3 3 .  
Fortier and Young ( 1 1 )  conducted experiments to determine the  
amount of water required to produce cotton in the Pacific Slope Basins. 
They report tha t  the average maximum production of 2.06  bales per acre 
was obtained from 3.46  acre feet of water applied in seven irrigations 
during the years 1926-30 .  This amount of water included a 6-inch pre- 
irrigation and rainfall. 
At the New Mexico Station, Bloodgood and Curry ( 1 )  applied 2 0  acre 
ipches of water to cotton in three irrigations and obtained a yield of 8 1 9  
pounds of lint per acre. They state that  the general practice of irrigating 
cotton in the Mesilla Valley is to apply about 1 8  inches of water in three 
or four irrigations. 
McDowell ( 1 6 )  reported on growing cotton under irrigation in the 
Wichita Valley of Texas for the years 1 9 3 2  and 1 9 3 3 .  He stated tha t  
the largest yield of cotton, 450  pounds of lint per acre, was obtained from 
28.54 acre inches of water. When the water was increased to 3 1  acre 
' es the yield was reduced to 4 2 7  pounds of lint per acre. 
ortier and Young ( 1 0 )  observed tha t  in growing cotton a t  the New 
ico Station, on adobe soil overlying coarse sand, a total of 1 7 7 5  pounds 
,eed cotton per acre was obtained when 3 3  acre inches of irrigation 
water was applied in  five to six irrigations, and tha t  when the  water was 
increased to 3 7 inches the yield -was reduced a s  much a s  20  0 pounds of 
seed cotton per acre. With cotton grown on worn-out fine sandy soil a t  
the Medina Project, Medina County, Texas, a maximum production of 
2 6 0  pounds of lint per acre was obtained with 1 7  acre inches of water. 
Near Mercedes, Texas, on sandy loam soil, as  much as  6 2 5  pounds of lint 
cotton per acre was obtained with 2 2  acre inches applied in  one to six 
irrigations. 
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Cook and Martin ( 9 ) ,  Camp ( 4 ) ,  Marr and Hemphill ( 1 4 ) ,  and Hud- 
son ( 1 3 )  discuss in detail irrigation methods best suited to cotton. They 
n t n t ~  that  the general appearance of the cotton plant is a good index a s  
! time to apply water. Neither the apparent quantity of moisture 
soil, nor the date of previous irrigation, nor the quantity of water 
usly applied can be accepted generally as a safe basis upon which 
;ermine the time for subsequent irrigation. According to present 
nation the appearance of the crop offers the  only dependable guide 
s regard. 
,l.ne foundation for maximum production of cotton will be laid if only 
sufficient water is given the plants during the early stage of development 
to keep them in a healthy growing condition. Wilting of some of the  
plants in the middle of the day during the early growth is not harmful 
and is not conclusive evidence that  a general irrigation is needed. 
When cotton plants begin fruiting and flowering they need and use 
the maximum quantity of water, and the  subsequent irrigations should 
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be frequent and heavy enough to prevent any serious wilting during the 
middle of the day. When the plants indicate a need for irrigation, 
neglect for only a few days may result in serious loss from shedding of 
young squares and bolls. Careful observations have shown that the 
color of the foliage in the dry spots appears somewhat darker, with a 
slightly bluish tinge, so that  cotton in need of water can be recognized 
even from a distance. This color change is noted even before the plant 
shows signs of wilting, and should be a definite warning that water is 
needed. Another sign upon which growers of upland cotton rely is the 
color of the terminal growth. When in a thriving condition the plant 
will ordinarily show 3 to 4 inches of a tender, light green stem between 
the terminal bud and the reddish coloring of the stalk. A rapid extension 
of this reddish coloring toward the terminal bud shows a checking of 
growth and indicates the need of irrigation. When the flowers can be 
seen extending above the terminal buds of the plants, and a decided 
yellow color is noted over the field, i t  is evident that irrigation has been 
postponed too long. An excess of water is usually indicated by a waxy 
sheen to the foliage, large coarse leaves, and excessive terminal growth. 
Irrigation of Grain Sorghum 
In the Sacramento Valley of California, Beckett and Huberty (3) 
found that  the net irrigation requirement of Dwarf milo exceeded 1 2  
acre inches, on a brown soil, under the liormal seasonal rainfall of 15 
inches, indicating a total water requirement of fully 27 acre inches. In 
1913, with a seasonal rainfall of only -8.74 inches, as  much as 18 acre 
inches of irrigation water was necessary to secure a maximum production 
of 1842 pounds of grain per acre. In 1922, with a seasonal rainfall of 
16.63 inches, an  addition of 13.6 acre inches of irrigation (making a total 
of 30.23 inches) was required to produce a maximum yield of 5747 
pounds of grain per acre. 
Fortier and Young (10) reported that  under conditions equally favor- 
able throughout the semi-arid Southwest, the yields of sorghums were 
greater when the effective rainfall was supplemented by irrigation water, 
and that  this crop required 2.5 to 3 acre feet of water to produce maxi- 
mum yields. 
Marr and Smith (15) reported on grain sorghums grown in the Salt 
River Valley, Arizona, and found that Dwarf milo on a clay loam type of 
soil produced a maximum yield of 3000 pounds of grain per acre, with a 
total application of 1.65 acre feet irrigation water in four irrigations. 
On the same type of soil, when only 1.13 acre feet of water was applied 
in three irrigations, the production was lowered to only 2250 pounds of 
grain per acre. On a sandy loam type of soil, a maximum yield of 2500 
pounds of grain per acre was obtained with only .75 acre foot of water 
applied in four irrigations, and only 2000 pounds of grain per acre was 
produced when 2.20 acre feet was applied in four irrigations. 
Fortier and Young (11) reported on growing Dwarf milo on Yc 
fine sandy loam, in the Sacramento Valley, California, and found t l  
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maximum yield of more than 5000 pounds of grain per acre was obtained 
when irrigation water was applied in amounts ranging from 1.39 to 1.93 
acre feet. Excessive applications of 2.14 to 2.23 acre feet of water 
lowered the.production of grain to less than half, or 2500 pounds per acre. 
Bloodgood and Curry (1)  reporting on growing sorghum in the 
Mesilla Valley, New Mexico, stated that a total of 14,156 pounds of for- 
age was produced with 31.6 acre inches of water applied in five or  six 
irrigations. This test was grown on'medium heavy soil type. 
METHOD OF ANALYZING THE DATA 
The data were analyzed each year separately and a second 
degree parabolic curve was fitted by the method of least squares to 
the actual plat yields of cotton and grain sorghums. The equation1 
- 
Y = a + bX + cX2 was computed in fitting the curve to the data. 
The correlation index, which is an  abstract measure of the closeness of 
agreement between the observed yields and the fitted curve, was com- 
puted. 
each 
wate 
of It 
inde: 
The 5-year average relative yields of cotton and grain sorghums were 
compared on a percentage basis in order to reduce seasonal influences to 
a minimum. The sum of the yields of all water levels secured in any 
one year represents the total production for that year and was given a 
value of 100 per cent. This sum was divided into the yield of each rate 
of water application for that year and the relative yield was expressed 
in terms of percentage. The applications of water were grouped into 
intervals of 2 acre inches with their corresponding average relative yields 
expressed in pounds. The frequencies of observations varied slightly for 
interval, with an  average frequency of three observations for each 
!r interval. A second degree parabolic curve was fitted by the method 
:ast squares to the average percentage yields, and the correlation 
x was computed. The percentage ratings were converted into actual 
s of lint cotton or bushels of grain sorghum per acre by the use 
omputed factor. 
pound: 
of a cl 
Although the uses of percentage ratings and the method of least 
squares to obtain relative yields are not intended to supersede entirely 
the average actual yields, i t  is believed that  these methods are valuable 
in an interpretation of the data and in the reaching of more definite con- 
clusions than would be possible from the average actual yields alone. 
METHODS OF' CONDUCTING EXPERIMENT 
These studies were made on cotton and grain sorghum (Hegari) on 
fairly large field plats, on a uniform soil classified as  Miller loam. The 
two crops were grown in rotation so that cotton always followed grain 
sorghum and grain sorghum followed cotton. Varied amounts of water 
measured in acre inches to the plats a t  various times. 
- 
1 Mill 
--- 
s, F. C .  Statistical Methods, pages 432-441. Henry Holt & CO., New Pork. 
1924. 
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Size and Replication of Plats 
The plats consisted of five 3-foot rows 132 feet long, covering an area 
15 feet  wide and 132 feet long, equivalent to 1/22 acre. The three 
inside rows of each plat comprised the harvested area, equivalent to 
3/110 acre. The two outside rows served as  .guard or border rows and 
were discarded a t  harvest time. The experiment consisted of eight dif- 
ferent treatments which were replicated twice for both cotton and grain 
sorghum. 
Earthen Borders 
Each plat was surrounded by a high earthen border to retain the de- 
sired amount of irrigation water and to hold the rain that  fell upon the 
plats. The land within these borders was graded to a level in order to 
obtain an  even distribution of water throughout the plat. 
Preparation of Seed Bed 
All cotton and grain sorghum stalks were cut with a single-row stalk 
cutter, and on plats having a heavy growth of grain sorghum stalks i t  
was necessary to re-cut a second and third time. The grain sorghum 
stubble was next up-rooted with a large sweep, after  which the land was 
double disked thoroughly one to three times. The land was bedded early 
in  December and re-bedded about the first of March. After the cotton 
stalks were cut, only one double disking was required to fit the land for 
bedding. 
I n  order to secure a n  adequate moisture supply in the subsoil 
depth of 4 to 5 feet, a heavy pre-irrigation was applied two to three T 
before planting. As soon as  the lister beds dried out sufficiently fc 
ing the pre-irrigation, they were harrowed down almost level just , 
to planting. 
Planting 
Cotton was planted practically on the level on lister beds with a 
single-row riding planter with a 16-inch solid sweep attached. The seed 
were covered about 1 inch deep and planted a t  the rate of 30  pounds 
per acre. The grain sorghum was planted slightly below the level on 
lister beds in a manner similar to that  of the cotton. The seed were 
covered about 1% inches deep a t  the rate of 8 to 1 0  pounds per acre. 
Thinning 
The cotton was thinned to single stalks 9 to 1 2  inches apart in the I 
when the  plants had attained a heighth of 4 to 6 inches. Grain sorl 
was thinned to single stalks 6 inches apart  in the row when the p 
were 2 to 3 inches high. 
row 
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Cultivation 
Cultivation for this experiment was similar to the cultivation given to  
all general field crops. Grain sorghum received three to five cultiva- 
tions, and cotton received six to  nine. 
Irrigation 
Since the irrigation for each crop in this experiment is different, it 
is mentioned in detail under the general discussion for  each crop. The  
irrigation treatment varied with the crop, and was used in conjunction 
with the amount of water received from natural rainfall and the amount 
applied in the pre-irrigation of the seed bed. The total amount of water  
received by a plat is the sum of the pre-irrigation, the rainfall from the  
date of pre-irrigation to harvest date, and all irrigation water. applied. 
Fig. 2. Showing the method in irrigating plats. The plat in the center 
is receiving an irrigation of 4 acre-inches. The plat on the left .has received 
3 acre-inches. while the ~ l a t  on the r iaht  has received 5 acre-lncnes. 
A-~ectangular weir-with 1-foot opening or notch. 
B-Weir pond. 
C-Weir gauge or measuring stake. 
D-Levees or borders surrounding plats. 
Method of Measuring Water  
tang 
strut 
dire1 
or e 
NI 
taini 
cent 
The irrigation water was measured directly to the plats through rec- 
;ular weirs placed a t  the head of each plat. The weirs were con- 
cted with exactly a one-foot opening through which the water flowed 
ctly onto the plat without any chance of loss of water due to seepage. 
vaporation. 
ear each weir a measuring rule was located for  the purpose of ascer- 
ing the height of the  head of water in  the  ditch, or still pond, adja- 
to the weir. The height of the head of water regulates the quantity 
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of water flowing through the weir notch, and the quantity of water was 
measured for each plat by the length of time i t  flowed. 
Clyde (6 )  and Christiansen ( 7 )  describe the more common methods 
and devices used in measuring water for irrigation in California and 
Utah, with detailed explanations of terms used in measuring water, as  
well as  of the principles of water measurement. The material in the 
main is a compilation of State and Federal data on this subject (Table 4 ) .  
TabIe 4. Discharge table for rectangular weir# 
*Computed from Cone's formula. 
From Table 4, giving data on amount of water discharged from rec- 
tangular weirs, the amounts of water required for the plats in this study 
were computed, as  shown in Tables 5 and 6. The head or crest of water 
is  given' in inches and the time of flow is given in minutes and seconds 
for  each required depth of water from 1 to 6 acre inches. The flow of 
water was timed by use of a watch or  stop-watch. 
Head in 
inches 
;gj 
2% 
2% 
3% 
3% 
3 G  
3% 
3 s  
3% 
3 %  3 s  
1 6  
4 h  
437 
4?5 
465 
45% 
4 %  
4 3% 
S i% 
5 &  
5% 
5% 
5% 
IRRIGATION O F  COTTON 
Adequate moisture was supplied to penetrate the soil to a depth of 
4 to 5 feet before planting, by the method referred to as pre-irrigation. 
Pre-irrigation was necessary for years with deficient rainfall during 
March and April. During the early growing period of cotton, only rela- 
tively small amounts of water were applied, in order to produce slow- 
growing, healthy plants having deep rooting systems. At the beginning 
of the  blooming and fruiting period of the plant, applications of irriga- 
tion water were greatly increased in an  attempt to supply sufficient water 
to meet the full requirements of the plants for normal growth and pro- 
duction. Water was appIied in  amounts of 2, 8 ,  12, 15, 16, and 18 acre 
inches to cotton, in  addition to the amount received as  pre-irrigation of 
the  seed bed and from rainfall during the growing season of the crop. 
Discharge in cubic feet per second for crests of various length* 
1 foot 
.312 
.335 
.358 
.380 
.404 
.428 
.452 
.477 
.SO2 
.527 
.553 
.5 80 
.606 
.634 
.661 
.688 
.717 
.745 
.774 
.833 
.8 63 
.893 
.924 
.955 
.986 
2 feet 
.632 
.677 
.723 
.769 
.817 
.865 
.914 
.965 
1.02 
1.07 
1.12 
1.18 
1.23 
1.28 
1.34 
1.40 
1.45 
1.51 
1.57 
1.69 
1.75 
1.81 
1.88 
1.5 feet 
.472 
.SO5 
.539 
.574 
.609 
.646 
.682 
.720 
.758 
.796 
.836 
.876 
.916 
.957 
,999 
1.04 
1.08 
1.13 
1.17 
1.26 
1.30 
1.35 
1.40 
1.44 
1.49 
3 feet 
.954 
1.02 
1.09 
1.16 
1.23 
1.31 
1.38 
1.46 
1.53 
1.61 
1.69 
1.77 
1.86 
1.94 
2.02 
2 .11  
2.20 
2.28 
2.37 
2.55 
2.65 
2.74 
2.83 
2.93 
4 feet 
1.28 
1.37 
1.46 
1.55 
1.65 
1.75 
1.85 
1.95 
2.05 
2.16 
2.26 
2.37 
2.48 
2.60 
2.71 
2.82 
2.94 
3.06 
3.18 
3.42 
3.54 
3.67 
3.80 I 3.03 3.93 4.05 
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Irrigation Schedule 
1. No irrigation. (Dry-land farming practice). 
2. No pre-irrigation of seed bed. Irrigation of crop according 
to best judgment. First irrigation delayed until cotton 
shows suffering. 
3 .  Pre-irrigation of seed bed sufficient to saturate the soil to 
a depth of 4 to 5 feet. No further irrigations. 
4. Pre-irrigation of seed bed sufficient to saturate the soil to 
a depth of 4 to 5 feet. Irrigate the crop with 2 acre inches 
water amlied 50, 80, 110, and 140 days from date of pre- 
irrigation of seed bed. (Total 8 acre inches). 
5. Pre-irrigation of seed bed suffi.cient to saturate the soil to 
a depth of 4 to 5 feet. Irrigate the crop with 3 acre inches 
water applied 50, 80, 110, and 140 days from date of pre- 
irrigation of seed bed. (Total 12 acre inches). 
6. Pre-irrigation of seed bed sufficient to saturate the soil t o  
a depth of 4 to 5 feet. Irrigate the crop with 4 acre inches 
water applied 50, 80, 110, and 140 days from date of 'pre- 
irrigation of seed bed. (Total 16 acre inches). 
Table 5. Acre F 21-30, aize of plata, 1/17 acre 
Table 6. Acre G 21-30, sfae of plats, 1/18 acre 
Head on 
crest, 
i nches 
234 
2x 
3 
3?4 % 
3% 
'* 
Time required to discharge irrigation water, acre inches per plat 
on 
lncnes 
2 
:' 
3x % 
3% 
4' &  
4% 
5' 
5M % 
Time required to discharge irrigation water, acre inches per plat 
1 inch 
4* % 4 
4 
3 
5% 3 
Min. 
11 
9 
8 
7 
7 
6 
5 
4 
36 
7 
51 
37 
2 inches 
9 
8 
7 
7 
1 inch 
Sec. 
--
24 
56 
49 
52 
5 
26 
37 
58 
3 inches 
13 
12 
11 
10 
Min. 
22 
19 
17 
15 
14 
12 
11 
9 
12 
14 
42 
14 
Min. 
10 
9 
8 
7 
6 
6 
5 
4 
4 
3 
3 
3 
Min. 
34 
29 
26 
23 
21 
19 
16 
14 
48 
21 
33 
51 
4 inches 
18 
16 
15 
14 
Sec. 
48 
52 
38 
44 
10 
52 
14 
56 
5 inches 
23 
20 
19 
18 
-- 
Sec. 
46 
23 
19 
26 
42 
5 
18 
41 
21 
54 
38 
25 
2 inches 
Sec. 
12 
48 
27 
36 
15 
18 
51 
54 
Min. 
45 
39 
35 
31 
28 
25 
22 
19 
24 
28 
24 
28 
Min. 
57 
49 
44 
39 
35 
32 
28 
24 
0 
35 
15 
5 
6 inches. 
27 
24 
23 
21 
Min. 
21 
18 
16 
14 
13 
12 
10 
9 
8 
7 
7 
6 
Sec. 
---------- 
36 
44 
16 
28 
20 
44 
28 
52 
Sec. 
0 
40 
5 
20 
25 
10 
5 
50 
Min. 
68 
59 
52 
47 
42 
38 
33 
29 
36 
42 
6 
42 
Sec. 
32 
46 
38 
52 
24 
10 
36 
22 
42 
48 
16 
50 
3 inches 
See 
24 
36 
54 
12 
30 
36 
42 
48 
Min. 
32 
28 
24 
22 
20 
18 
15 
14 
13 
11 
10 
10 
Sec. 
18 
9 
57 
18 
6 
15 
54 
3 
3 
42 
54 
1.5 
4 inches 
Min. 
43 
37 
33 
29 
26 
24 
21 
18 
17 
15 
14 
13 
Sec. 
4 
32 
16 
44 
48 
20 
12 
44 
24 
36 
32 
40 
5 inches 
Min. 
53 
46 
41 
37 
33 
30 
26 
23 
21 
19 
18 
17 
6 inches 
Sec. 
50 
55 
35 
10 
30 
25 
30 
25 
45 
30 
10 
. 
Min. 
64 
56 
49 
44 
40 
36 
31 
28 
26 
23 
21 
20 
Sec. 
36 
18 
54 
36 
12 
30 
48 
6 
6 
24 
48 
30 
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7. Pre-irrigation of seed bed sufficient to  saturate  the  soil to  
a depth of 4 t o  5 feet. I r r igate  t h e  crop with 5 acre inches 
water  applied 50, 80, and 110 days af ter  irrigation of seed 
bed. (Total  15  acre inches). 
8. Pre-irrigation of seed bed sufficient to  saturate  t h e  soil to  
a depth of 4 t o  5 feet. Irrigate the  crop with 6 acre inches 
water  applied 50, 80, and 110 days af ter  irrigation of seed 
bed. (Total 18  acre inches). 
Each plat was equipped with a 1-foot opening rectangular weir, located 
i n  the  main canal, through which t h e  water  was measured directly to the 
plats without any  loss, a s  shown i n  Figure 3 .  
Pig. 3. Showing ar rangement  of cotton plats with levees and borders 
between plats, head irrigation ditch, wi th  measuring weirs set  a t  head of 
each plat. 
Results Obtained in 1932 
The season of 1932 was favorable fo r  cotton production, because fully 
one-third of the  total  annual  rainfall  occurred during t h e  first four 
months of t h e  year, which gave a n  ample supply of soil moisture. I t  was 
not  necessary, therefore, t o  give a pre-irrigation t o  t h e  seed bed before 
planting. The season was practically normal i n  temperature, but  the 
evaporation was high for  Ju ly  and  low for August, which prevented heavy 
loss of soil moisture during t h e  August fruiting period of t h e  crop. The 
total  water  received by t h e  cotton included all  rainfall  and irrigation 
water  applied from planting date, 
May 26, to  picking date, Septem- 
ber 26, a period of 123 days. 
The application of 23.9 8 acre 
inches of water gave t h e  highest 
yield. 486 pounds of lint per acre, 
(Table 7 , )  and t h e  curve, (Figure 
4 , )  indicates t h a t  approximately 2 4  
inches of water was t h e  optimum 
for  1932. The curve, with a com- 
puted correlation index of .912,  
shows a high positive correlation 
TOTAL WATER, ACRE ~NCHES between the  amount  of water ap- 
Fig. 4. Curve fitted to  the  yield of plied and yields obtained. The 
l in t  cotton in pounds per acre  in 1932. data also show tha t  the increase 
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Table 7. Yield of cotton receiving different amounts of water, 1932 
I Total I I 
No. 
rrigations Irrigation 
water applied, 
acre inches 
Rainfall and 
irrigation 
water, inches 
% Lint 
Acre yield 
lint, pounds 
in yield was practically constant for a given increase in the amount o 
water up to  2 4  inches and dropped off for the  next water level, 2f  
acre inches. 
Resnlts ' Obtained ill 1933 
with 
durin 
norm 
The season of 1933 was fairly dry, acconlpanied by a large shortage 
of subsoil moisture; therefore, much larger quantities of water were 
required to  reach the  peak of production than were required in 1932. 
A pre-irrigation of 3 acre inches was given the seed bed on April 20, 
8 days before the  cotton was planted. The total rainfall was only 26.05 
inches in 1933, a s  compared with the 11-year average of 30.14 inches. 
m~ ,. rainfall was fairly well distributed throughout the  growing season, 
the  heaviest occurring in March, May, and August. The rainfall 
~g the  other months wa,s f a r  below normal. The season was about 
.a1 with respect to  evaporation and slightly above normal in  mean 
temperatures. The total water re- 
8' A curve was fitted to the Fig. 5. Curve fitted to  the  yield of 
yields in the table which is  showrf lint  cotton in pounds per  acre in 1933 .  
ceived by the cotton includes all 
rainfall and irrigation water 5, 
applied from the date of pre- f- 
irrigation, April 20, t o  picking i3= 
date, September 26, a period of i,, 
159 days. 
as  Figure 5. This curve shows clearly a high positive correlation between 
the yield of cotton and the amounts of water applied. The correlation 
index was .858. Although the  highest actual yield was obtained from 
33.11 inches of water, the  curve indicates t ha t  the  peak of production 
would be near  35 or 36 acre inches. 
The highest yield of cotton, 413 ? 
pounds of lint per acre, was ob- &zm 
' 
tained from the use of 33.11 ' ov- 
inches of water, a s  shown in l6 Z0 ZZ 24 z6 z8 30 32 34 36 38 TOTAL WATER. ACRE \NCl-lE S 
_-- r -----
, 
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Table 6. Yield of cotton receiving different amounts of water, 1933 
I Total 
Results Obtained in 1934 
No. 
irrigations 
The total annual rainfall in 1 9 3 4  was only 24.70 inches, or 5.44 inches 
below normal. The months of heaviest rainfall were March, .August, 
and November. All other months were considerably below normal and, 
because of rather unfavorable weather conditions, the yield of cotton 
Acre yield 
Irrigation I Rainfall and 1 % i n  1 l int  vovndr 
water applied, irrigation 
acre inches I water, inches 
was reduced greatly. On account of an  extremely dry winter and spring, 
a pre-irrigation of 3 acre inches was necessary to supply sufficient soiI 
moisture :before planting. The mean temperature for the season was 
slightly above the normal, and it was accompanied by exceedingly high 
evaporation, both factors causing the high amount of water necessary for 
normal crop production. The amount of water applied apparently did 
not exceed the amount required for maximum production, and it is 
doubtful that  the optimum water requirement for cotton was reached 
this season. The total water received by the cotton included all rainfall 
and irrigation water applied from the date of pre-irrigation, April 21,  
406 
to the picking date, September 
30, a period of 1 6 2  days. 
350 
8 The largest yield of cotton, 345  
pounds of lint per acre, was ob- 
z 
250 
tained from the plats that re- 
6 ceived the most water (Table 9 ) .  
A curve fitted to these yields 
J 
0 150 (Figure 6 )  shows a very high 
W 
t positive correlation between the 
it, '00 amount of water applied and 
Y 
X )  yields. The correlation index was 
. 9 9 6 .  It will be noted that the 
0 
lo lz 14 20 ze 24 26 28 =O 3e yields continued to increase as TOTAL WATER, ACRE INCHES 
Fig. 6. Curve fitted to the yield of the amount of water was in- 
lint cotton in pounds per acre in 1934. creased, and that  the application 
of water this year did not reach the optimum. The curve, however, 
indicates that  the optimum amount of water was perhaps within the 
range of 33  and 35 acre inches. 
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Table 9. Yield of cotton receiving different amounts of water, 1934 
Total 
Acre yield 
lint, pound 
No. 
irrigations Rainfall and 
irrigation 
water, inches 
Irrigation 
water applied 
acre inches 
yo Lint 
Results Obtained in 1935 
'I 
and 
Pre 
'he seasonal conditions in 1935 were favorable for  cotton production 
I with respect to  rainfall approach closely those in 1932. The total  
cipitation was slightly above normal and was well distributed 
oughout the  growing season. The late winter and early spring 
nths were very dry and a pre-irrigation of 3 acre inches on April 24 
; necessary to  put  the  seed bed in good condition for planting. On 
- - ~ n t  of excessive rainfall throughout May, the  test  was not  planted 
May 30.  The total water received by the  cotton included all rain- 
and irrigation water applied from the  date of pre-irrigation, 
,, 24, to the height of the  picking season, October 1 0 ,  a period of 
days. The season was normal in temperatures, with lower total 
poration than normal. Fully two-thirds of the  annual  rainfall, o r  a 
$1 of 21.51 inches, occurred during the  growing season, and accounts 
he narrow fluctuation i n  yields. I t  i s  evident t ha t  with such varia- 
in seasons in  this area seasonal influence is a n  important factor 
e irrigation is practiced. 
thrl 
mo: 
yaz 
- -  accoL 
until 
fall 
A nril *=p. 
16: 
eva 
tot: 
for t 
tions 
wher 
Pable 10. Yield of cotton receiving different amounts of water, 1935 
Total 
Acre yield 
lint, pounds 
No. 
irrigations Irrigation 
water applied, 
acre inches 
Rainfall and 
irrigation 
water, inches 
OJo Lint 
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It will be noted from Table 1 0  that an  application of 3 4 . 5 1  acre 
inches of water nave the highest - - 
m 350r ' yield. There was a gradual fall- 
z 
3 o 300 ing off in yields as the amount of 
z 
p 250 water was increased beyond this 
5 amount. The curve in Figure 7 
5 ZOO shows a very narrow range in 
2 
2 I50 yields a t  different water levels, 
and the correlation is much lower 
S 0 q ;O Z'Z 24 2- 32 $ ;6 $ than in previous years. The cor- 
TOTAL WATER. ACRE INCHES 
Fig. 7. Curve fitted to the yield of Index was 
lint cotton in  pounds per acre in 1935. . 7 6 5  and the curve flattened out 
in a more horizontal direction. The data indicate that approximately 
3 0  to 3 2  acre inches was the optimum amount of water in 1935. The 
decrease in yield from this point is so small that i t  is not significant 
and cannot be measured when the strict statistical interpretation is 
applied. 
Results Obtained in 1936 
The seasonal conditions during 1 9 3 6  were very unfavorable for cotton 
where irrigation was not practiced, and all upland cotton surrounding 
the irrigated valley was almost a complete failure. The year was the 
driest on record a t  this station for the 11-year period 1926-36 ,  inclu- 
sive, with a total rainfall of only 2 3 . 3 6  inches. The temperatures were 
extremely high, with a new maximum absolute temperature of 1 1 2  
degrees in August, which was 5 degrees higher than the previous max- 
imum of 1 0 7  degrees. The extreme high temperatures, together with 
normal evaporation, caused heavy losses in soil moisture throughout 
the growing period of the crop. The total water received by the cotton 
includes all rainfall and irrigation water applied from the date of pre- 
irrigation, April 24 ,  to the begin- 
ning of the picking period, Sep- 
tember 8, a period of 1 3 2  days. 
The application of 2 9.7 4  acre 
inches of water gave the highest 
yield, 2 4 6  pounds of lint per ---- 
(Table 11). A curve (Figur 
fitted to the yields in Tablc 
shows a very high positive 
TOTAL WATER. ACRE INCHES 
Fig. 8. Curve fitted to the yield of between the amount of 
lint cotton in pounds per acre in 1936. water applied and yield, as indi- 
cated by the correlation index value of . 9 8 2 .  The curve indicates that the 
optimum water requirement was between 2 8  and 3 3  acre inches. I t  is 
evident that  where irrigation is practiced as a supplement to rain 
seasonal influence is a factor which will cause very wide difference 
yields from year to year independent of irrigation. 
IRRIGATION REQUIREMEKTS O F  COTTON AND GRAIN SORGHUMS 21 
Table 11. Yield o'f cotton receiving different amounts of water, 1036 
I I Total I 
Irrigation Rainfall and Acre yield 
water applied, irrigation 7, Lint lint, pounds 
acre inches water, inches I 
Discussion of Results 
\ 
rhe results obtained in individual years have been discussed separate- 
in the preceding pages. In order to provide a better idea of the ex- 
,iment as a whole, the results obtained in each of the five years are  
brought together in Table 1 2 .  From these data i t  will be seen that  the 
use of 30.19  inches of water produced the largest average yield of cotton, 
348  pounds of lint per acre. The yield decreased as  the amount of water 
was increased or decreased from 30.19  inches. Thus, the use of 3 2 . 9 9  
acre inches of water produced 3 4 0  pounds of lint per acre, while 27.39  
inches produced only 3 1 0  pounds. These figures indicate that  the opti- 
miim amount of water for cotton is about 3 0  acre inches. 
I 
yie' 
thn 
U U G  
est 
3 0 
fac 
n rr 
:n order to show more definitely the relation of amounts of water and 
Id of cotton, a curve was fitted to the average yields of cotton given in 
r table (Figure 9 ) .  The high- 
point of this curve occurs a t  
acre inches of water. This 
t indicates that  approximately 
J U  acre inches is the optimum 
amount of water for cotton under 
average conditions in the irrigat- 
ed valley, although there was not 
much difference in yields where 
the amount of water ranged from 
28 to 3 2  inches. Fig. 9. Curve fitted to the average 
yield of lint cotton per acre for the  
The amount of water required, 5-year period 1932-1936. 
however, may vary from season to season. In 1 9 3 2  the rainfall during 
the growing season was 1 3 . 9 8  inches (Table 1 3 ) .  The largest yield of 
cotton was obtained by adding 1 0  inches of irrigation water, making a 
total of 23.98  acre inches of water. In  1 9 3 3 ,  with 1 5 . 1 1  inches of rain- 
fall during the active growing season, the application of 18  inches of 
irrigation made the largest average yield, 4 1 3  pounds of lint per acre. 
Thus, there was a difference of about 9 inches in the optimum amount of 
Table 12. Average pielcl of cotton receiving different amounts of water, 1932-1930 
Acre inches 
Acre yield lint, pounds 
Total irrigation water applied 
1932 
306 
328 
337 
379 
473 
428 
486 
468 
Total all irrigation water and natural rainfall 
1935 
_- 
219 
265 
234 
260 
273 
254 
277 
257 
-- 
1932 
0 
2 
0 
4 
6 
8 
10 
12 
1934 
0 
11 
3 
9 
12 
15 
18 
21 
1933 
239 
344 
232 
306 
339 
346 
413 
385 
1933 
- -  
3 
7 
3 
9 
12 
15 
18 
21 
1936 
24 
54 
156 
146 
182 
227 
246 
244 
1936 
5.74 
9.74 
19.74 
17.74 
21.74 
25.74 
29.74 
33.74 
1935 
21.51 
29.51 
24.51 
28.51 
30.51 
32.51 
34.51 
36.51 
1934 
52 
181 
87 
175 
211 
297 
320 
345 
--- 
1932 
- -  
13.98 
15.98 
13.98 
17.98 
19.98 
21.98 
23.98 
25.98 
Aver. 
168 
234 
209 
253 
296 
310 
348 
340 
- 
Aver. 
-__--____-___ 
14.19 
19.79 
18.19 
21.79 
24.59 
27.39 
30.19 
32.99 
1935 
0 
8 
3 
7 
9 
11 
13 
15 
1936 
0 
4 
14 
12 
16 
20 
24 
28 
1933 
18.11 
21.11 
18.11 
24.11 
27.11 
30.11 
33.11 
36.11 
1934 
- 
11.63 
22.63 
14.63 
20.63 
23.63 
26.63 
29.63 
32.63 
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Table 13. Available rainfall in inches for the growing season of cotton, 
by months, for the 5-year period, 1932-1936 
water during the two years. Further, in  1934, with 11.63 inches of rain 
during the growing season from April to October, the  use of 21 inches of 
irrigation water gave the best results. I n  1935, when the  rainfall during 
the growing season was 21.51 inches, the largest yield of cotton was 
obtained by applying 13 inches of irrigation water, which made a total 
of 34.51 acre inches of water. By comparing the optimum of 23.98 inches 
in 1932 with the optimum of 34.51 inches in 1935, we find a difference 
of 10.53 inches required for maximum -yield of cotton in  different years. 
These differences are due in part to differences in amount and distribu- 
tion of rainfall, humidity, evaporation, and temperature. 
IRRIGATION OF' GRAIN SORGRUM 
The method of irrigating sorghum was similar to the method used for 
cotton. The amounts of water, however, were increased and the interval 
between irrigations was reduced to 20 days (Figure 10) .  Water  was 
applied in total amounts of 8, 12, 16, 20, and 24 acre inches, in conjunc- 
tion with the amount received from rainfall and from the  pre-irrigation 
of the seed bed. 
1936 
0 
3.69 
.67 
.85 
0 
.53 
0 
5.74 
Month 
April ...................... 
May ...................... 
June ...................... 
July ...................... 
August.. . . . . . . . . . . . . . . . . . .  
September.. ............... 
:r. .................. 
Total.. ............. 
1933 
0 
7.82 
.25 
.28 
5.98 
.78 
0 
15.11 
Average 
.14 
4.93 
1.89 
1.33 
2.93 
2.31 
.07 
13.60 
1932 
0 
.50 
2.73 
3.09 
5.19 
2.47 
0 
13.98 
1934 
.27 
2.93 
1.42 
.48 
2.40 
4.13 
0 
.------ 
11.63 
1935 
------
.44 
9.70 
4.40 
1.93 
1.07 
3.63 
.34 
21.51 
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Fig .  10 .  Showing plat  a r rangement  of gra in  sorghum, with borders be- 
tween plats. Head irrigation ditch wi th  measuring weir in foreground. 
Irrigation Schedule 
No irrigation. (Dry-land farming practice). 
No pre-irrigation of seed bed. Irrigation of crop according 
to best judgment. Firs t  irrigation delayed until  the  crop 
shows suffering. 
Pre-irrigation of seed bed sufficient t o  sature the soil to  a 
a depth of 4 t o  5 feet. No further  irrigation. 
Pre-irrigation of seed bed sufficient to  saturate  t h e  soil to a 
depth of 4 t o  5 feet. Irrigate the  crop with 2 acre inches 
water, applied 40, 60, 80, and  90 days from date  of pre- 
irrigation of seed bed. (Total 8 acre inches). 
Pre-irrigation of seed bed sufficient to  saturate  t h e  soil to  a 
depth of 4 to 5 feet. Irrigate t h e  crop with 3 acre inches 
water, applied 40, 60, 80,  and 90 days from date of pre- 
irrigation of seed bed. (Total 12 acre inches). 
Pre-irrigation of seed bed sufficient to  saturate  the  soil to a 
depth of 4 t o  5 feet. Irrigate t h e  crop with 4 acre inches 
water, applied 40, 60, 80, and  90 days from date  of pre- 
irrigation of seed bed. (Total 16 acre inches). 
Pre-irrigation of seed bed sufficient to  saturate  the  soil to  a 
depth of 4 to  5 feet. I r r igate  t h e  crop with 5 acre inches 
water, applied 40, 60, 80, and 90 days from date  of pre- 
irrigation of seed bed. (Total 20 acre inches). 
Pre-irrigation of seed bed sufficient to  saturate  t h e  soil to  a 
depth of 4 to  5 feet. Irrigate the  crop with 6 acre inches 
water, applied 40, 60, 80, and  90 days from date  of pre- 
irrigation of seed bed. (Total 24 acre inches). 
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Results Obt,ained in 1932 
The season of 1932, with a to-tal precipitation of 33.09 inches, was Very 
favorable for grain sorghum. An abundance of rainfall occurred during 
t h ~  spring months and i t  was not necessary to pre-irrigate the  seed bed 
Ire planting. The season was practically normal in  temperatures. The 
poration was high for  July but  low for August because of a n  abun- 
ce of rainfall during the  month, followed by cool, cloudy periods, 
~ i t ~ o r a b l e  for grain production. The total  water received by t he  crop 
includes all rainfall and irrigation water applied from the  date of plant- 
ing, May 26, to  the  harvest date, ,, 
October 20, a period of 148 days. 
The application of 32.58 acre 
:lo 
inches of water gave the  highest 2 
yield, as  shown in  Table 14. This g4' 
was the largest amount of water % 
in 1932, and i t  is evident tha t  the  94 
optimum water requirement for 
normal production was greater :35 
than 32.58 inches. The curve 9 
(Figure 11)  shows a very close 
relationship between the  amount  GZ5 
of water applied and yields, with 
a correlation index of .899. 
'14 16 18 2 0  22 2 4  26 28 30 32 34 
Although the  results in  Table 11 TOTAL WATER,  ACRE INCHES 
Fig.  11. Curve fitted to  t he  yield of show that not enough water was gra in  sorghum in bushels per  acre  in 
a ~ r ~ l i e d  to  produce maximum 1932. 
r ,  the curve indicates t ha t  the  peak of production would occur a t  
; 34 inches of water. 
le 14. Yield of grain sorghlpm receiving different amounts of water, 1932 
Results Obtained in 1933 
No. irrigations 
0 
1 
3 
3 
3 
3 
3 
1 
yea] 
yiel 
ceec 
'he season of 1933 was dry, with a rainfall of only 26.05 inches. The 
r, however, was favorable for  grain production and slightly higher 
ds were secured than in 1932. The early spring months were ex- 
lingly dry and it  was necessary to  pre-irrigate the  seed bed before 
Acre yield threshed 
grain, bushels 
2 7 . 3  
33.2 
3 3 . 2  
46.1 
4 2 . 9  
4 8 . 4  
48.8 
Total 
Irrigation water 
applied, acre inches 
0 
2 
6 
9 
12 
15 
18 
Rainfall and irrigation 
water, inches 
14.58 
16.58 
20.58 
23.58 
26 .58  
29.58 
32.58 
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planting. The season was slightly above normal in temperatures, al- 
though the total evaporation was practically normal. Heavy precipi 
tion of 5.98 inches in August was beneficial to the crop and no irrigatic 
were given for the month. The total amount of water received by 1 
crop includes all rainfall and 
rigation water applied from 
date of pre-irrigation, April 
to harvesting date, August 1 
period of 135 days. 
The application of 33.6 1 inche 
of water, which was the large$ 
amount used in 1933, gave t h  
highest yield of grain sorghum 
(Table 15).  The curve (Figure 
12) ,  which was fitted to the yields 
in this table, shows a high posi- 
tive correlation between yields 
. 
Fig .  12. Curve fitted to  the yield of  
grain sorghum i n  bushels per acre i n  and amounts Of water The 
1933. correlation index was .937. Fur- 
ther, the curve indicates tha t  not enough water was applied to produce 
Table 15. Yield of grain sorghum receiving different amo~xnts of water, 1933 
1 Total I 
' Acre yield 
threshed grain, 
bushels 
No. irrigations 
maximum yields, and tha t  the peak of production probably would have 
occurred a t  3 4  or  35 inches of water. 
Results Obtained in 1934 
Irrigation water 
applied, acre inches 
The season of 1934 was exceedingly dry, with a total precipitation of 
only 24 .70  inches. The season was very unfavorable for the production 
of grain, because of extreme high temperatures and evaporation during 
July and August. These conditions apparently forced the crop intc 
semi-dormant condition which retarded booting and heading of the c: 
fully 4 0  days. With irrigation, the crop did not suffer for lack of wal 
but remained green and succulent during the dry, hot months. Fina 
late in September, following rain and cooler weather, the crop heac 
and matured only a fair yield of grain. Grain sorghum on check plz 
which received no irrigation water, withered down to mere stubs dur 
Rainfall and irrigation 
water, inches 
) a 
roP 
;er, 
Ilv. 
-- " 7 
led 
tts, 
ing 
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August, but recuperated late in September and matured a fair yield of 
grain. The total water received by the crop .included all rainfall and 
irrigations from the date of pre- 45 
irrigation, April 21, to harvest- 
ing date, October 15, a period of 4o 
177 days. 
The application of 30.79 acre 
inches of water gave the highest & 
yield (Table 16).  When the water 6 
was increased to 38.79 inches, the g z 5  
yields were reduced significantly. $ 
The curve in Figure 13 shows a L m  
close relationship between the 2 
amounts of water applied and ,I5 
yields, with a correlation index 
value of .941. I t  is  evident tha t  lo 
the optimum water requirement 
for grain sorghum ranged be- 
TOTAL WATER. ACRE INCHES tween 3 0  and 35 acre inches, and 
Fig. 13. Curve fitted to  the  yield of the curve indicates that  the peak gra in  sorghum in bushels per acre in 
of production was reached and 1934. 
passed in terms that can be considered significant. 
Table 16. Yield of grain sorghum receiving different amounts of water, 1934 
No. 
Acre yield 
threshed grain, 
bushels 
irrigations 
Results Obtained in 1935 
The season of 1935, with a total rainfall of 32.50 inches, was favorable 
for grain sorghum. Practically two-thirds of the annual rainfall, 2 2.3 3 
inches occurring during the growing season, was available for crop pro- 
duction. The spring months, however, were unusually dry and i t  was 
necessary to pre-irrigate the seed bed before planting. Heavy rainfall 
occurred early in May, which delayed planting of the grain sorghum in 
the test until May 28. The temperature was practically normal, although 
the evaporation was 9 inches below normal and ranged from 1 0  t o  1 3  
inches less than in the three preceding years. The total water received 
by the crop inclxded all rainfall and irrigation applied from the date of 
Total 
Irrigation water 
applied, acre inches 
Rainfall and irrigation 
water, inches 
-7 I 
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Fig- 1 4 .  Curve fitted to the yield Of The correlation, however, was not grain sorghum In bushels per acre in 
1935. as  high as in the preceding years, 
pre-irrigation, April 13, to the date of harvest, October 15, a period of 
185 days. There was a delay of 
25  days in planting this year, al- 
though the crop matured normal- 
ly under the favorable weather 
conditions which p r e v a i 1 e d 
throughout the crop season. 
The application of 3 7.33 acre 
inches of water gave the highest 
yield of grain, although the opti- 
t mum water level was evidently 
as  indicated by the correlation index value of .6804. The curve indicates 
tha t  a range between 33 and 3 8  acre inches was the optimum water re- 
quirement for sorghum in  1935. 
2 25- 
< 
Table 17. Yield of grain sorghum receiving different a~nounts of water, 1935 
not reached this year (Table 17 ) . 
The curve (Figure 14) shows a 
o L z  - A ~ ~ ~  positive correlation between the 
TOTAL WATER, ACRE INCHES total amounts of water and yields. 
Results Obtained fn 1936 
The season of 1936 was the driest year on record a t  this station, with 
an  annual precipitation of only 23.35 inches, which was unfavorable for 
grain sorghum. The seasonal influence on the growth of grain sorghum 
was similar to the  dry year of 1934, in that  the crop was thrown into a 
semi-dormant state of growth early in August, and failed to boot and 
produce heads until late in September, following rain and cooler weather. 
I t  was observed in both years, 1934 and 193 6, that  the grain sorghum 
became dormant because of extremely clear, hot, dry weather accom- 
panied by low humidity, excessive evaporation, and an  occasional hot 
wind. The crop in this dormant state failed to respond to the large 
amounts of irrigation water supplied during such periods. It is evident 
that  seasonal influences, especially high temperatures and excessive 
evaporation, which increase transpiration of moisture from the plants, 
are factors responsible for the dormancy during such abnormal years. 
Acre yield 
threshed grain, 
bushels 
36 .1  
34 .9  
3 7 . 0  
4 0 . 6  
37 .5  
4 4 . 9  
4 2 . 4  
4 7 . 6  
No. irrigations 
- 
0 
1 
3 
3 
3 
3 
3 
3 
Total 
Irrigation water 
applied, acre inches 
0 
3 
7 
8 
9 
11 
13 
15 
Rainfall and irrigation 
water, inches 
22.33 
25.33 
29.33 
30.33 
31.33 
33.33 
35.33 
37.33 
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Hegari, the  variety of grain sorghum used in this test, has high poten- 
tialities under irrigation but  is  
erratic in behavior t o  abnormal 
climatic and seasonal influences. 
The application of 5 1 .77  acre 
inches of water, the  largest 
amount used in 1936, made t he  
best yield of grain sorghum (Ta- 
ble 1 8 ) .  The yield, however, was 
low as  compared with the  yields 
obtained in the four preceding 
years. Although the  conditions 
were quite unfavorable for grain 
sorghum, there was a high posi- 
tive correlation between yield of 
Fig. 15. Curve fitted to the yield of grain and the  amounts of Water grain sorghum in bushels per acre in 
used, as  shown by the curve in 
Figure 16. The correlation index was .998. I t  is  evident that ,  under the 
peculiar conditions tha t  prevailed in 193 6, the  optimum water require- 
ment was not reached this season. 
Table 1s. Yield of grain sorghum receiving different amounts of water, 1936 
No. irrigations 
Total 
Acre yield 
threshed grain, 
bushels Irrigation water 
applied, acre inches 
Discussion of Results 
Rainfall and irrigation 
water, inches 
The results obtained during the  five years, 1932-36, a re  assembled in 
Table 1 9  and averaged in order to  provide a more comprehensive view 
of the experiment as  a whole. These da ta  indicate tha t  the  yield of 
sorghum increased as  the  amount of irrigation was increased and t ha t  
the average optimum amount of water, as  fa r  a s  yield is  concerned, was 
not reached in  these studies. The increases in yield produced by addi- 
tional amounts of water, however, become smaller a t  the  larger applica- 
tions of water. These facts indicate tha t  the  optimum amount of water 
on the average probably would be about 39 inches. Satisfactory yields, 
however, were obtained within the  range of 32 to  39 -acre inches. 
Table 10. Average yield of grrtill sorghum receiving dif lere~~t  amonnts of I\-nter, 1932-1936 
Acre inches 
Acre yield threshed grain, bushels -- 
Total irrigation water applied 
Aver. 
19.6 
29.5 
18.2 
28.1 
33.9 
39.0 
40.3 
41.5 
1932 
0 
2 
0 
6 
9 
12 
15 
18 
Total all irrigation water and natural rainfall 
1934 
10.0 
36.4 
11.7 
28.2 
28.9 
38.9 
36.9 
32.0 
1935 
--------- 
36.1 
40.6 
34.9 
37.0 
37.5 
44.9 
42.4 
47.6 
1932 
29.5 
33.2 
25.0 
33.2 
46.1 
42.9 
48.4 
48.8 
Aver. 
16.02 
25.42 
18.42 
25.22 
28.62 
32.02 
35.42 
38.82 
1936 
0 
8 .1  
0 
2.1 
11.8 
17.0 
23.0 
26.1 
1933 
22.4 
29.4 
19.4 
39.8 
45.2 
51.4 
51.0 
53.2 
1936 
0 
18 . 
4 
14 
19 
24 
29 
34 
1933 
1 
7 
3 
9 
12 
15 
18 
21 
1932 
14.58 
16.58 
14.58 
20.58 
23.58 
26.58 
29.58 
32.58 
1934 
11.79 
24.79 
14.79 
22.79 
26.79 
30.79 
34.79 
38.79 
1933 
- _ _ _ _ _ _ _ _ _ _ - _ _ _ _ -  
13.61 
19.61 
15.61 
21.61 
24.61 
27.61 
30.61 
33.61 
1934 
0 
13 
3 
11 
15 
19 
23 
27 
1935 
0 
8 
3 
7 
9 
11 
13 
15 
1935 
22.33 
30.33 
25.33 
29.33 
31.33 
33.33 
35.33 
37.33 
1936 
17.77 
35.77 
21.77 
31.77 
36.77 
41.77 
46.77 
51.77 
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A parabolic curve was fitted t o  t he  yields i n  Table 1 9  in  order t o  show 
more clearly the  relationship between the  yield of grain sorghum and 
the amounts of water used (Fig- 56 
ure 1 6 ) .  This curve shows t ha t  
the average yield increased a s  the  Inla 
amount of water was increased. $ 
Further, the curve indicates t ha t  % 
38  to 4 0  inches is  probably the  z. 
optimum amount of water for  03, 
grain sorghum under the  condi- $ 
tions prevailing in the  Wichita 
Valley Irrigation District. Since 
the average rainfall during the  
?I6 
growing season of sorghum is 
about 1 6  inches (Table 2 0 ) ,  and Y 
the crop needs about 3 9  inches 
of water, i t  is obvious tha t  ap- O,, , , ,, ,, ,, , ,, ,, , ,,,, ,, , .. 
proximately 2 3  acre inches of TOTAL WATER, ACRE INCHES 
water should be given in suitable yi2& :Fe g ~ ~ ~ ~ ~ . ~ ~ ~ O ~ ~  &E%z; 
irrigations. the 5-year period 1932-1936. 
Under the hot, dry conditions tha t  prevailed in  the  Wichita Valley in 
1 9 3 4  and 1 9 3  6,  Hegari, the  variety of grain sorghum used, became more 
o r  less dormant and did not respond readily t o  irrigation until  cooler 
weather in September. 
Table 20. Available rainfall for the growing season of grain sorghum, 
by months, for the %year period, 1932-1936 
Month 1 1932 
April . . . . . . . . . . . . . . . . . . . . . .  0 
May . . . . . . . . . . . . . . . . . . . . . .  .50 
June . . . . . . . . . . . . . . . . . . . . . .  2 . 7 3  
July . . . . . . . . . . . . . . . . . . . . . .  3 . 0 9  
-August.. . . . . . . . . . . . . . . . . . .  5.19 
September ................. 2.49 
October. . . . . . . . . . . . . . . . . . .  
Tota l . .  . . . . . . . . . . . . .  14.58 I-'" 
1933 ( 1934 ( 1935 1 1936 ( A v e r a g e  
SUMMARY 
Experinlents were begun in 1 9 3 2  a t  Texas Substation No. 1 6 ,  located 
a t  Iowa Park,  in the Wichita Valley, Texas, to  determine the  irrigation 
requirements of cotton and grain sorghum. The rate  of irrigation ranged 
from 2 to  3 4  acre inches. The studies were conducted on Miller loam soil 
and extended over a period of five years, 1 9 3 2 - 3 6 .  
During the five years the  highest average yield of cotton was obtained 
from the use of 3 0  acre inches of water, which included both irrigation 
and rainfall during the  growing season of the  crop. The yield declined 
as  the amount of water was increased or  diminished from 3 0  inches. 
From the practical standpoint, however, good yields were obtained where 
the amounts of water ranged from 2 8  to  3 2  acre inches. 
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The results obtained with grain sorghum indicate tha t  approximately 
3 8  to  3 9  acre inches is the  optimum amount  of water for the  crop under 
the  conditions prevailing in the  Wichita. Valley. Good yields, however, 
were obtained from amounts of water ranging from 3 2  to 3 9  inches. 
During the  hot, dry seasons of 1 9 3 4  and 1 9 3 6 ,  the  crop did not respond 
as readily to  irrigation a s  in more favorable years. 
The results obtained with both cotton and grain sorghum indicate that 
the  total amount of water required for maximum yields is influenced by 
seasonal conditions, which include the  amount and distribution of rain- 
fall, humidity, and temperature. In  general, the  results indicate that 
these crops need more water in  dry, hot  years than in years with more 
favorable conditions. 
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